Infrared diode laser absorption spectroscopy (IRLAS) was used to measure the CH3 (methyl) radical density in an RF-discharge methane plasma. It was found that the CH3 radical density was of the order of 1012 cm-3. We also measured the CH3 radical density as a function of Xe or Ar gas partial pressure, and this partial pressure dependence shows that the addition of Xe brings about an increase in the CH3 radical density.
Introduction
Carbon thin films are applied to mechanical and electronic devices. For example, hard coatings with a low coefficient of friction have been applied to mechanical devices where oils and greases cannot be used1). Diamond thin film is also used as dielectrics in the electronics industry and as protective coatings for semiconductor devices.
Carbon thin films are usually made with plasma-enhanced chemical vapor deposition (P-CVD). Generally, RF-discharge plasma, ECRdischarge plasma, DC arc discharge plasma are used in many industrial fields to generate not only amorphous carbon thin film but also diamond thin film. However, the mechanism of carbon thin-film formation is not very clear yet.
To make it clearer, we must understand the correlations between densities of radicals such as CH3, CH2, etc. and properties of carbon thinfilms physically and chemically. Therefore, we need these radical densities under thin-film formation conditions. Infrared diode laser absorption spectroscopy (IRLAS) is a powerful method for measuring neutral radical species in their ground electronic state. It has some favorable points for radical measurement. In the first place, it is easy to determine radical densities from the percentage of the absorption directly. In the second place, we can measure the radicals with their absorption bands lying only in the IR region (for example SiH3, CH3). Furthermore, it can be applied easily to actual industrial systems.
Up to now, using IRLAS, the CH3 radical has been measured in the methane plasmas generated by an RF discharge with transverse electrodes2), and by a 20-kHz discharge3), and in a thermal methane plasma4). However, no the plane parallel electrode RF-discharge. In this study, an IRLAS system was extended to measure the CH3 radical density in the RF methane plasma under amorphous carbon thinfilm formation conditions. The CH3 radical density was measured as a function of the buffer gas partial pressure, in CH4/Xe and CH4/Ar mixtured gases. It was found that the CH3 radical density is much higher in the CH4/Xe than in the CH4/Ar and that the CH3 radical density increased with an increase in Xe partial pressure.
It is expected that Xe dilution is one of the good ways to increase the CH3 radical density in the methane plasma. It also can be useful for the clarification of the mechanism of the thin-film formation.
Experimental
The schematic block diagram of the infrared diode laser absorption spectrometer used in this study is shown in Fig.1 pair of stainless steel circular plates was used as the electrodes. It is seen from Fig.5 and Fig.6 that the CH3 radical density increases with Xe partial pressure. It can be interpreted in the following way.
The CH3 radical is generated mainly by the following collision processes.
Here, e is an electron, M is a rare gas atom (Xe or Ar) and M* is the lowest metastable. The density of the lowest metastable state Xe* (3P2) (energy 8.32 eV) or Ar* (3P2) (energy 11.55 eV) increases with rare gas partial pressure and the collision process (7) becomes dominant possibly. The branching ratio7) of the CH3 radical generation by the collision of CH4 with Xe* is much larger than that by the collision with Ar* . Therefore more CH3 radicals are generated in CH4/Xe mixture gas than in CH4/Ar. Moreover, the suppress of the diffusion of CH3 is possibly more remarkable in CH4/Xe mixtured gas, because Xe is heavier than Ar. It is concluded that the addition of Xe brings about an increase in the CH3 radical density, and it is expected that the rate of growth of carbon thin-film increases with Xe dilution. However, in order to explain the mechanism of the increase in the CH3 radical density in CH4/Xe mixtured gas quantitatively, the parameters such as the Xe* and electron densities must be measured. They are under study.
